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WO 98/34325 PCT/SE98/00175 

A DEVICE IN THE STATOR OF A ROTATING ELECTRIC MACHINE 



The present invention relates to a device for in- 
creasing the mechanical rigidity and natural frequency 
5 of the stator in a rotating electric machine, which 
stator is provided with stator teeth between the slots 
holding the winding, the free ends of the teeth being 
situated at the air gap between stator and rotor. The 
invention also relates to such a rotating electric ma- 
10 chine. 

High-voltage electric alternating current machines, 
such as generators in a power station for generating 
electric power, dual-fed machines, outer pole machines, 

15 synchronous machines and asynchronous static current 
converter cascades, have hitherto been designed for 
voltages in the range 15-30 kV, and 30 kV has normally 
been considered to be an upper limit. This generally 
means that a generator must be connected to the power 

20 network via a transformer which steps up the voltage to 
the level of the power network, i.e. in the range of 
approximately 130-400 kV. 

In US 5,036,165, a conductor is described in which the 
25 insulation is provided with an inner and an outer layer 
of semiconducting pyrolized glassfiber. It is also 
known to provide conductors in a dynamo-electric machi- 
ne with such an insulation, as described in 
US 5,066,881 for instance, where a semiconducting pyro- 
30 lized glassfiber layer is in contact with the two pa- 
rallel rods forming the conductor, and the insulation 
in the stator slots is surrounded by an outer layer of 
semiconducting pyrolized glassfiber. The pyrolized 
glassfiber material is described as suitable since it 
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retains its resistivity even after the impregnation 
treatment. 

A solution to this problem is described in Swedish pa- 
tent application 9602083-9 describing an arrangement in 
5 which separate spacers, such as slot wedges, are inser- 
ted in the space between the free ends of adjacent 
stator teeth. One drawback with this solution is that 
the slot wedges easily become loose as a result of vib- 
rations in the stator and of different thermal expan- 
10 sion in the stator teeth and the slot wedges. 

A special system of slot wedges intended to be inserted 
in stator slots is also disclosed in US 4,443,725. The 
purpose of this system of wedges is, however, not to 
15 increase the rigity of* the stator teeth, but to retain 
the electrical conductors in place in the stator slots. 

The object of the present invention is to provide a new 
solution to the problem of vibrations in the stator te- 
20 eth in the type of alternating current machines under 
discussion, that is not encumbered with the drawbacks 
of the previous solution. 

This object is achieved with a device of the type de- 
25 scribed in the introduction, having the characterizing 
features defined in claim 1, and with a machine as 
claimed in claim 10. 

By providing at least one rigidity-increasing yoke 
30 across each stator slot in one piece with adjacent sta- 
tor teeth, the risk of the yoke securing the stator te- 
eth in tangential direction loosening is eliminated. 

According to a preferred embodiment of the device ac- 
35 cording to the invention, the yoke is formed at the top 
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of the slot. This localisation of the yoke provides 
the best mechanical bracing of the stator teeth. 



'According to other advantageous embodiments of the de- 
5 vice according to the invention, however, the yoke may 
be formed across the slot at a distance from the top of 
the slot, or alternatively a plurality of yokes may be 
formed across the slot at different distances from the 
top of the slot. 

10 

According to yet another advantageous embodiment of the 
invention, to enable the yoke to absorb the loads 
arising in tangential direction, the width in the di- 
rection of the slot shall not be less than a lower li- 

15 mit of typically 2-3 mm. 

By closing the stator slot in this way, the electric 
properties of the machine may be affected negatively 
causing the yoke or yokes to give rise to increased 
slot leakage, with increased need for excitation at lo- 

20 a,d as a result, i.e. an increased loss in the field 
winding. Increased slot leakage also influences the 
transient reactance of the machine. 

Closing the slots also reduces slot harmonics in the 
25 air gap flux so that only a fraction remains, typically 
5-15%, of the harmonics obtained with an open slot. 
Thus substantially all noise- caused magnetically by 
slot harmonics disappears. 

30 To reduce the above-mentioned increase in excitation 
losses with closed stator slots, according to advanta- 
geous, embodiments of the device according to the inven- 
tion the yoke is constructed so that its magnetic pro- 
perties deviate from the magnetic properties of the 

35 stator teeth. The yoke may thus be constructed so that 
the relative magnetic permeability in the yoke material 
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is close to the value 1, by the yoke being perforated, 
for instance, or by the material in the yoke being wor- 
ked, e.g. laser-worked, in order to lower its relative 
* magnetic permeability, preferably to a value in the vi- 
5 cinity of 1. 

The invention is in the first place intended for use 
* with a rotating electric machine in which the stat.or 

windings are drawn through slots in the stator and the 

10 windings are wound from high-voltage cable of a type 
comprising a core with a plurality of strand parts, an 
inner semiconducting layer surrounding the core, an in- 
sulating layer surrounding the inner semiconducting 
layer, and an outer, semiconducting layer surrounding 

15 the insulating layer. By using high-voltage insulated 
electric conductors, in the following termed high- 
voltage cables, with solid insulation similar to that 
used in cables for transmitting electric power (e.g. 
XLPE cables) the voltage of the machine can be increa- 

20 sed to such levels that it can be connected directly to 
the power network without an intermediate transformer. 
The transformer can therefore be eliminated. In this 
type of machine the slots in which the cables are pla- 
ced in the stator are generally deeper than with con- 

25 ventional technology, since thicker insulation is 
required due to higher voltage and more turns in the 
winding. This increases the problems of mechanical na- 
tural vibrations in the stator teeth between the stator 
slots. In a stator with deep slots damaging vibrations 

30 easily occur, generated by electro-magnetic forces and 
as a result of resonance phenomena, typically with a 
frequency of twice the network frequency. The advanta- 
ges of the device according to the invention are there- 
fore particularly pronounced for this kind of machines. 



35 
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With the machine according to the invention the win- 
dings are preferably composed of cables of a type ha- 
ving solid, extruded insulation, such as those used 
nowadays for power distribution, e.g. XLPE-cables or 
cables with EPR-insulation . Such cables are flexible, 
which is an important property in this context since 
the technology for the device according to the inven- 
tion is based primarily on winding systems in which the 
winding is formed from cable which is bent during as- 
sembly. The flexibility of a XLPE-cable normally cor- 
responds to a radius of curvature of approximately 
20 cm for a cable 30 mm in diameter, and a radius of 
curvature of approximately 65 cm for a cable 80 mm in 
diameter. In the present application the term "flex- 
ible" is used to indicate that the winding is flexible 
down to a radius of curvature in the order of four ti- 
mes the cable diameter, preferably eight to twelve ti- 
mes the cable diameter. 

The cable may preferably have a diameter within the in-, 
terval 20-200 mm and a conducting area within the in- 
terval 80-3000mm 2 . 

In the machines according to the present invention, 
windings are constructed to retain their properties 
even when bent and when subjected to thermal stress 
during operation. It is vital that the layers retain 
their adhesion to each other in this context. The ma- 
terial properties of the layers are decisive here, par- 
ticularly their elasticity and relative coefficients of 
thermal expansion. In a XLPE-cable, for instance, the 
insulating layer consists of cross-linked, low-density 
polyethylene, and the semiconducting layers consist of 
polyethylene with soot and metal particles mixed in. 
Changes in volume as a result of temperature fluctua- 
tions are completely absorbed as changes in radius in 
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the cable and, thanks to the comparatively slight dif- 
ference between the coefficients of thermal expansion 
in the layers in relation to the elasticity of these 
■ materials, radial expansion can take place without the 
5 adhesion between the layers being lost. 

The material combinations stated above should be consi- 
dered only as examples. Other combinations fulfilling 
the conditions specified and also the condition of 
10 being semiconducting, i.e. having resistivity within 
the range of 10 -1 -10 6 ohm-cm, e.g. 1-500 ohm-cm, or 
10-200 ohm-cm, naturally also fall within the scope of 
the invention . 

15 The insulating layer may consist, for example, of a so- 
lid thermoplastic material such as low-density poly- 
ethylene (LDPE) , high-density polyethylene (HDPE) , po- 
lypropylene (PP), polybutylene (PB) , polymethyl pentene 
(PMP) , cross-linked materials such as cross-linked po- 

20. lyethylene (XLPE) , or rubber such as ethylene propylene 
rubber (EPR) or silicon rubber. 

The inner and outer semiconducting layers may be of the 
same basic material but with particles of conducting 
25 material such as soot or metal powder mixed in. 

The mechanical properties of these materials, particu- 
larly their coefficients of thermal expansion, are af- 
fected relatively little by whether soot or metal 
30 powder is mixed in or not - at least in the proportions 
required to achieve the conductivity necessary accor- 
ding . to the invention. The insulating layer and the 
semiconducting layers thus have substantially the same 
coefficients of thermal expansion. 

35 
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Ethylene- vinyl -acetate copolymers /nit rile rubber, butyl 
graft polyethylene, ethylene-butyl-acrylate-copolymers 
and ethylene-ethyl-acrylate copolymers may also consti- 
tute suitable polymers for the semiconducting layers. 

5 

Even when different types of material are used as base 
in the various layers, it is desirable for their coef- 
ficients of thermal expansion to be substantially the 
same. This is the case with combination of the materi- 
10 als listed above. 

The materials listed above have relatively good elasti- 
city, with an E-modulus of E<500 MPa, preferably 
<200 MPa. The elasticity is sufficient for any minor 

15 differences between the coefficients of thermal expan- 
sion for the materials in the layers to be absorbed in;- 
the radial direction of the elasticity so that no 
cracks appear, or any other damage, and so that the 
layers are not released from each other. The material 

20 in the layers is elastic, and the adhesion between the- 
layers is at least of the same magnitude as the weakest 
of the materials. 

The conductivity of the two semiconducting layers is 
25 sufficient to substantially equalize the potential 
along each layer. The conductivity of the outer semi- 
conducting layer is sufficiently great to enclose the 
electrical field in the cable, but sufficiently small 
not to give rise to significant losses due to currents 
30 induced in the longitudinal direction of the layer. 

Thus, each of the two semiconducting layers essentially^ 
constitutes one equipotential surface and the winding, 
with these layers, will substantially enclose the 
35 electrical field within it. 
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There is, of course, nothing to prevent one or more ad- 
ditional semiconducting layers being arranged in the 
insulating layer. 

5 The invention will now be explained in more detail with 
reference to the accompanying drawings in which Figure 

1 shows a slot division in the stator with an open 
slot, Figure 2 a slot division designed according to 
the present invention, Figure 3 shows an alternative 

10 embodiment according to the invention and Figure 4 
shows a cross section through the high-voltage cable 
used according to the invention. 

Figure 1 shows a slot division of the sheet iron core 
15 in the stator, comprising a slot 2 and a part of the 
stator teeth 4, 6 on each side of the slot 2. The slot 

2 is arranged to receive winding cables 12 running axi- 
ally through the stator and the slots 2 are normally 
deeper in this type of alternative current machine than 

20: in conventional machines. This incurs the drawbacks of 
the stator having low natural frequencies and of oscil- 
lations easily occurring in the stator 4, 6, as mentio- 
ned above . 

25 As can be seen in Figure 1, the slots 2 in this type of 
machine, contrary to conventional generators, resemble 
a bicycle chain with protrusions 10 between each cable 
12 in the teeth 4, 6 located between the slots 2, so 
that the cable is secured radially. This type of slot 

30 is thus often known as "semi-closed", to differentiate 
it from conventional, open, rectangular slots with per- 
fectly straight sides all the way out to the air gap. 

The slot 2 is open to the air gap at the slot top, to 
35 the left in Figure 1. The opposite end of the slot is 
termed the slot bottom. 
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To manage the problems of natural vibrations in the 
stator discussed above, and to increase the tangential 
'rigidity, yokes 14 are provided across the slots ac- 
5 cording to the invention, see Figure 2. In the embodi- 
ment shown in this figure a yoke is arranged at the 
slot top and another yoke is arranged at approximately 
the middle of the slot 2. The most efficient localisa- 
tion of the yoke from the mechanical aspect is at the 

10 top of the slot. However, it may be a good idea to 
provide several yokes in the case of deep slots, and in 
certain cases it may be desirable not to have any yoke 
at the top of the slot, but only at points further down 
in the slot. The yoke (or yokes) 14 is made in one pi- 

15 ece with the adjacent stator teeth 4, 6. The tangen- 
tial stability achieved by the yokes 14 increases the 
natural frequency and provides considerably increased 
rigidity in each individual tooth, as well as increased 
flexural rigidity in the entire stator body. Another 

20 important advantage is that the tangential, electro- 
magnetic forces at the air gap, deriving from the rotor 
poles, are distributed uniformly between the teeth. 

To ensure that the yoke or yokes 14 will give suffi- 
25 cient mechanical bracing, their width d in the direc- 
tion of the slot 2 should not normally fall below a li- 
mit of typically 2-3 mm. 

As discussed above, the yokes cause increased slot lea- 
30 kage. The increased leakage flow limits the short- 
circuit currents in the case of any short-circuiting, 
and eliminates, or at least reduces, slot harmonics in_ _ 
the air gap flux. However, the increased slot leakage 
causes increased excitation losses. For this reason 
35 the yoke or yokes 14 should preferably be constructed 
so that their magnetic properties deviate from the mag- 
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netic properties of the stator teeth 4, 6. The yoke is 
preferably constructed so that the relative magnetic 
permeability in the yoke material is in the vicinity of 
the value 1. This can be achieved by perforation of 
5 the yokes, as shown in Figure 3 at 16. However, it 
must be ensured that the perforations do not jeopardize 
the stabilizing influence of the yoke or yokes. Alter- 
natively, the magnetic permeability in the yoke materi- 
al can be reduced by suitable treatment of the materi- 
10 al, e.g. laser treatment. 

Figure 4 shows a cross section through a high-voltage 
cable 29 used in the rotating electric machine accord- 
ing to the present invention. The high-voltage cable 

15 29 is composed of a number of strand parts 31 having 
circular cross section and made of copper, for in- 
stance. These strand parts 31 are arranged in the 
middle of the high-voltage cable 2 9 and around the 
strand parts 31 is a first semiconducting layer 32. 

20 y Around the first semiconducting layer 32 is an insula- 
ting layer 33, e.g. XLPE-insulation, and around the in- 
sulating layer 33 is a second semiconducting layer 34. 
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CLAIMS 

1. A device for increasing the mechanical rigidity 
'and natural frequency of the stator in a rotating 

5 electric machine, which stator is provided with stator 
teeth between the slots holding the winding, the free 
ends of the teeth being situated at the air gap between 
stator and rotor, characterized in that at least one 
yoke designed to increase rigidity and formed in one 
10 piece with adjacent stator teeth, is arranged across 
each stator slot in order to mechanically secure the 
stator teeth in tangential direction. 

2. A device as claimed in claim 1, characterized 
15 in that the yoke is formed at the top of the slot. 

3. A device as claimed in claim 1, characterized 

in that the yoke is formed across the slot at a dis- 
tance from the top of the slot. 

20 

4. A device as claimed in claim 1, characterized 

in that the width of the yoke in the direction of the 
slot is not less than a lower limit of typically 
2-3 mm. 

25 

5. A device as claimed in claim 1, characterized 

in that a plurality of yokes aire formed across the slot 
at different distances from the top of the slot. 

30 6. A device as claimed in any of claims 1-5, cha- 

racterized in that the yoke is constructed so that its 
magnetic properties deviate from the magnetic properti-^ 
es of the stator teeth. 

35 7 . A device as claimed in claim 6, characterized 

in that the yoke is constructed so that the relative 
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magnetic permeability in the yoke material is close to 
the value 1 . 

*8. A device as claimed in claim 6 or claim 7, cha- 

5 racterized in that the yoke is perforated. 

9. A device as claimed in any of claims 6-8, cha- 
racterized in that the material in the yoke is worked 
in order to lower its magnetic permeability. 

10 

10. A rotating electric machine having windings 
drawn in slots in the stator, characterized in that the 
windings are wound of high-voltage cable and in that 
the machine is provided with a device as claimed in any 

15 of claims 1-9. 

11. A machine as claimed in claim 10, characterized 
in .that the high-voltage cable is of a type comprising 
a core with a plurality of. strand parts, an inner semi- 

20 conducting layer surrounding the core, an insulating 
layer surrounding the inner semiconducting layer, and 
an outer semi-conducting layer surrounding the insula- 
ting layer. 

25 12. A machine as claimed in claim 11, characterized 

in that the high-voltage cable has a diameter within 
the interval 20-200 mm and a conducting area ^within the 
interval 80-3000 mm 2 . 

30 13. A machine as claimed in any of. claims 10-12, 

characterized in that the winding is flexible and in 
that said layers adhere to each other. 

14. A machine as claimed in any of claim 10-13, 

35 characterized in that said layers consist of materials 
with such elasticity and such a relation between the 
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coefficients of thermal expansion of the materials that 
the changes in volume in the layers caused by tempera- 
ture fluctuations during operation are absorbed by the 
f elasticity of the materials so that the layers retain 
5 their adhesion to each other at the temperature fluctu- 
ations occurring during operation. 

15. A machine as claimed in claim 6 or claim 7, 
characterized in that the materials in said layers have 

10 high elasticity, preferably with an E-modulus less than 
500 MPa, most preferably less than 200 MPa . 

16. A machine as claimed in any of claims 10-15, 
characterized in that the coefficients of thermal ex- 

15 pansion for the materials in said layers are of sub- 
stantially the same magnitude. 

17. A machine as claimed in any of claims 10-16, 

. characterized in that the adhesion between the layers 
20 is - of at least the same magnitude as the strength of 
the weakest of the materials. 

18. A machine as claimed in any of claims 10-17, 
characterized in that each of the semiconducting layers 

25 essentially constitutes one equipotential surface. 
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